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ABSTRACT

Theoretical and experimental studies on the "activities"

of nonspecific and specific projection systems hidden in the

electroencephalogram were conducted from the stsedpoint of the
random process in a stochastic servesystem.

It was verified that BEG "activity" (frvqc.ency respE:nse)
is not only eqrivalent to the "excitability cycle" of an
excitable system, but to an extension of the "spectral sensi-
tibity curve" o.f the visual system and "response area" of the
auditory system.

An augmentative interaction oliolted by binocular afferent
inflows were found in the BEG sctivities of specific thalamic

it, level of cats, while not only augmentative but inhibitory
interactions were observed in the cerebral visual, somatosensory

and association areas.
Cerebral BEG activities were elicited by centromedian

and midbrain reticiila- stimulation of low frequency. A high

frequency reticulir stimarlation, by which electrocortical

arousal was induced in BEG, followed an inhibitory and aug-

mentative processes to reduce and enhance respectively the

flicker activity of low frequency.

It was inferred from the above theoretical and experimental

results that servomechanic roles of nonspecific and specific

prolection syse:ems are capable of observing in the EBG " ac-

tivities". OaT the same roles in the descending reticular

system, some !:heoretical and experimental evidences were
demcnstrated in the myotonographic (MT) "activity".
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I
1. A STATUIOT OP TUI maiAM

The research works were performed in the role of the

nonspeoifio (the nuolmu entrum medianum) and specific (the

lateral ganioulate boo) thlamii Ulai ant thm sdbrain

ret'-ila formation from the point of view of th ftequ*me

responee activities of the electroencephalogm (M) and

myotonogram, which are able to consider as random processes

in a servosystem (Sato 1962).

2. ANALYSIS OF THE PROBLEM AND AN EXPLANATION OP CONTROLS
USED

The frequency response aotivities, which has already re-
ported in the paragraph 2 of the first quarterly progresr
report, of EEG in the cerebral visual, somatosensory and as-

sociation areas, specific and nonspecific thalamic nuclei and

midbrain reticular formation were obtained under visual and

cutaneous stimulation and electric shock stimulation to the

nucleus centrum medianum and retieular formation, wherein

frequency responses under a combined stimulation with visual

and one of other stimulation were also observed. In most

experiments, EBG activities (frequency response) elicited by

rhythmic flash stimulation with various frequencies in the

range of from 1 to 20 per second were regarded a Introducing

the control activities.

The roles of the nonspecific and specific thalamic nuclei

and reticular formation were analysed by comparing with these

frequency response activities each other in the above three

cerebral regions under and without influences of the stimu-

lation to the nucleus centrum medianum, lateral geniculate

body or midbrain reticular formation.

3. OUTLINE OF EXPERIMENTAL PROCEDURE

Experiments were carried out on cats weighing about 5kg.

.,. Under ether anesthesia, the tracheal cannula was put in the

trachea and the head was fixed on the Johnson's type #ter-

otaxic instrumont (7ig, 3-1), thereafter the skull was opeae
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Pig. 3-1. Jonson's type stereotaxic instrument for monkey,

cat and rabbit.

This instrument was purchased by the Fund of the Rocke-

feller Foundation (GA. BMR 5893).

2
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carefully with minimum bleeding. Then the ether was blown

out by artificial respiration in the electromagnetically

shielded room (Pig. 3-2). In the next procedure, the cat

was immobilized by an intraperitoneal injection of 20 mg/kg

of flaxedil. Oxygen was mixed in the outflowing air from

the artificial respirator. In some animals experiments were

performed vAdez Jesbutal anesthesia (30 mg/kg), whereby arti-

fical respiration was not necessary.

Bipolar depth electrodes made of steel wire or nicrome

wire (Gauge 22 mad 24) were inserted by the aid of the stere-

otaxic atlas by Jasper & Ajmon-Marsan (1954) or by Snider &

Niemer (1961). Silver ball-tip surface electrodes, which

were insulated except at the tip, were monopolarily placed

onto the pie mater or dura mater in the areas noted above in

the paragraph 2. Reference silver wire electrode was in-

serted in the neck muscle. The opened cerebral surface was

covered with warmed agar gel made from Ringer's solution or

with warmed mineral oil. The temperature of shielded room

was kept always 28-290 C and a rnubber bag filled with hot

water was put beneath the abdomen to keep animal in good con-

ditions.

4. EXPLANATION OF INSTRUMENTATION FMPLOYED

As can be seen in the block diagram, illustrated in Pig.

4-1, EEGs, myotonograms (MTa) and the signals of the stimu-

lation were recorded on the recording paper by 8 channel ink-

writing electroencephalograph (Fig. 4-2) (San'ei-Sokki Co.,

Tokyo) and on the 1/4inach magnetic tape (Soni-Tape) simul-

taneously by 3 channel (Fig. 4-3) or 8 channel data recorder

(Fig. 4-4) (Shiroyama-tsashin) by meuns of pulse-width-modu-

lation (PWM) method. Occasionally, by applying a double

beam cathode ray oscilloscope (Nihorn6den Co.) (Pig,. 4-3) and

Grass' type long recording oscilloscope camera (Pig. 4-5),

the above BEG and/or MT and the stimulation curves were photo-

graphed on 35mm film. Rhythmic flash stimulation mono- or

3



Pig. 3-2. Cat fixed on the stereotaxic instrument ready to

the experiment.

Depth electrodes have inserted in the brain and surface

electrodes have placed on the exposed pia or dura mater.

"-4-"
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Fig. 4-1B. Blockdiagrams for MTG recording and its data

processing.
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Fig.4-2. 8-channel electroencephalograph.

-- 6 -



Fig. 4-3. 3-channel anailogue data recorder.

On the right upper, a part of double beams cathode ray

oscilloscope is seen. By an electronic switch each of the

double beams is separated in two, so that one oscilloscope

works as a four beams oscilloscope to control the data recorder.

-7-
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Fig. 4-4. 8-channel analogue data recorder.

By two cathode ray oscilloscopes, illustrated in Fig.

4-3, right upper, simultaneous data recording by means of

eight channels are able to control.

I



Pig. 4-5. Grass' type long recording oscilloscope camera.

This was aloo purchased by the Fund of the Rockefeller

Foundation (GA. BMR 5893).

1 -9-.



nemswlry " a .ellysed 1 %Me stmbeo-ln h Voelv ot the
photic stimulator (Saui'lei-rokkr, Co.). Te stimlue In-
"tensity of -flash van changed by covering the strobo,-.elah valve
with a filter, which has a round window of varioua diometer

(5, 10, 20, 30, 50 and 150 mm). For the f rpose of obtaining

steady results and of aiming tonic activities$ o atmtImlation

was delivered for 60-90 see., although a far aborter duration

(less than 5 sec long in most instances) of a stimulation is

generally delivered in the study of the central nervous system!a.

At the end of the experiment the animal's head was perfused

with 10 % formalin and the brain was extirpated to embed

into 10 % formalin. Celloidin or paraffine sections cut at

10-20 microns were stained by routine KlUver-Barrera staining

method (1953). And the location of the depth electrodes

inserted in thalai-ic naclei and/or reticular formation were

chocked hiotologically. Instruments employed in the data

processing will be noted in the next paragraph.

5. DATh ?0OC'j'33IUO OF THE .ULPERIMENTAL DATA (STATISTICAL

ANiJJYSIS 01, DATL, TAKEN".

The procedares of 1Th' recordings and their data processing

are illustreted in the, block d-.agram (Fig. 4-1). The follow-

ing data precessings werc performd to anrlyse regular average

time- and frequency-patterns from EEG and MT recordings with

random irregular fluctuations.

a. Correlation analysis. The data recorded magnetically

on 1/4 inch magnetic Soni-tapes were re-recorded on the 1/2

inch endless magnetic Scotch tape for 35 sec to put on the

analogue type correlator (CCA-22, Sony Corp.) (Fig. 5-1) or

for 60 sec to put on the pulse signal universal correlator

(UCA-26, Sony Corp.) (Fig. 5-2). The analogue type corre-

later (CCA-22) can analyse the wave form in the frequency

range lower than about 20-30 c/sec, so that it cannot carry

thb, coszcorrclation anal,,ysis between pulse (flash or electric

" ' tin•-tioni and ,:?;G or MT. This pulse signal uzi-

1.0 -.
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Pig. 5-1. Analogue type correlator (CCA-22). (Sato, Nimura

et al. 1962)

The left box: driving mechnism to rotate the endless
I tape, which is put on the front surface of the box.

A low and long box in the middle: data recording and

reproducing mechanisms.

A low and long box in the middle right: computer

mechanism for obtaining auto- and crosscorrelation.

On the right of the computer mechanism, an inkwriting

galvanometer to trace correlogram is seen. This oorrelator

was made to analyse oscillation in an earthquake and designed

for the first time by us for the purpose of BEG analysis.

On the most right and right upper, a part of the stimulator
mechanism are seen.

i- Ii -
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Fig. 5-2. Specially desi~qed pulsee signal universal correlator

(UCA-26) (Sato, :iraet 3-1. 1962).

M: Part of the tape-dri'Vin; meohanism. Enlarged picture of

this part is ehown in t",ie lower. A and B are reconding

E: Part of the electroic M ,alculation.

R'. Heating peni type recorder to record correlograms.

I12
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versea ecwwelator (UOA-26) can perto= not *My a under
the same principle as the analogue type correlator, but also

can compute the auto- and crosecorrelograms of one and two

pulse signal tizie series respectively. In addition, this
corrolator can perform also the crooscorrolation analysis of

the pulse stimulation and BEG or MT, because it was designed

to perform our methods for obtaining the average response
time-pattern (Sato et al. 1962), crosecorrelation analysis

(Sato et al. 1962) and autocorrelation analysis (Sato et al.

1962).
Autocorrelation analysis was performed by the analogue

type correlator (CCA-22), while crosscorrelation analysis

between rhythmic stimulation and the BEG recording was computed

by the pulse signal universal correlater (UCA-26), by which

autocorrelograms were also obtained if necessary.
Numerical crosscorrelation analysis was performed in the

following procedures. Inkwritten or photographed BEG and/or

MT curves and signal of the stimulation respectively obtained

by the electroencephalograph or the Grass' type oscilloscope

camera (Pig. 4-5) and cathode-ray oscilloscope were copied

by handwriting on the transparent graph papers or recopied
photographically on special bromide papers by the quick copy

(Fuji Co.). A zero-axis (base line) of every BEGS or WTs

was selected in the center of the oscillating fluctuation in
each of them and the ordinates of the BRG or HT were sampled

digitally at every one millimeter or every one half miliaeter,

which corresponds- to 1/60 and 1/120 sec respectively, because
the paper spewcd for inkwriting UGs by the electroencephalograph

was 60 mm/ser Th.e crosscorrelogram between the time series

of BIG obtained by the above noted procedures and the stimu-

lation were computed by our simple and practical method (Sato

et al., 1962).

k • "isu.Aa r Ur. Auto- and crosesoorrelogrema re-
gorded by the pules elpnal correlator (UCA-26) and eom of

ktoooorrelorms tz•aoed by the analogue type correlator (OO•-22)

13 -



were recorded under the magnetic BD recording (boundary its-
placement type recording) onto 1/2 inch usanetic tape by a

specially deoigned pantagraph (Pig. 5-3). Prequenoy spectra

of them were recorded by the instant spectrum analyser (sony

Oor'p.) (Cit. 5-4A), vhioh vwa newly designe" for lUG data

prenisag (Uemura 1960). The prinoiple of this now smalyser
is &A follows: The magnetic 1/2 inch tape (Pig. 5-43, T), onto

which a correlogram of EEG was drawn by BD recording, is let

to contact with the rotary magnetic reproducing head (Fig.

5-4B, RH) and the rotary head (H) is led to rotate by an

electric motor. When the head runs rubbing the lower surface

of the tape with its velocity of "v" cm/sec, the oscillating

electric current with a frequency of "f" c/sec will be repro-

duced from the head (H) under the following relationship

(5.1) f = Vfr, i.e. fr = f/v

where "fr" is the frequency of the oscillation recorded onto

the tape (T). The oscillating current of "f" c/sec flows

in the first amplifier A1 to amplify and to flow in the filter

(F)o If the frequency of the filter is "f," c/eec, then

(5.2) fr = fo/v,

Thus, only the current of fo c/sec in the output current of

the amplifier A1 can exclussively pass the filter (F). The

higher the rotating velocity of the head (H) is, therefore,

the slower oscillation in the drawn waves onto the tape will

be analysed and vice versa. The analysed oscillating current

was rectified to obtain a direct current proportioned to its

amplitude. The rectified current is amplified again by the

D.C. amplifier (A2 ) suitably to record the frequency spectrum

on the special recording paper (Nikko-Recording paper) by the

heating-pen-type recorder (P).

When the head (H) is set in motion, it rotates with UP-

creasing velocity to reach a maximum speed, and then the head

lose, its speed gradually. In $he former half semitiVitt

for analysis is checked and adjusted and in the lattr hag the

-14 -
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Pig. 5-3. Specially designed pantagraph for BD recording

the wave form (BBG or MT curve and/or their correlograms) on

1/2 inch magnetic tape.

The curve will be drawn on a scale of one-third of the

original wave form in its length and amplitude. The reduced

curve drawn on a tape cannot be visualized in itself, but

can be by spattering special iron powder slightly onto it

to check.

-15-
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71•. 5-4. The instant spectrum analyser specially designed

for M3G analysi.s (Uomura, 1961,a, b), which wya originally
asked to make by us.

As Gsneral view of the instont spectrum awayser.
B: Block diagrar. of the axalyser.

The tape (T), onto which the wave form was

drawn by the special pantagraph (Mig4 5-3), is

attached to the rotating head (H). When the head

is set in motion with gradually increasing speed to

a maximum and then ducrDasjng speed, the frequency

3spectrum will be traced by the heating pen type
pen-recorder (P) on the special paper (Nikko-recording

paper).
C: Upper curves are sinoidal waves of various frequencies

(cyc.les per second).
... •':u are their peaks analysed by the

analyser.

-17



fre"Mq speetrum is toooko ou 'the Pago.,
Zn some of the autooorrolo-aos eAd crosooaoplawom

whisb were respectively traced by the analopie type oorrelator

(OOCA.2) or by the plse se41u eeastelatr (UG-16) and/or
eeqmpted by our method noted Obove. their eMtee *wee
rumpled to tom dirAtel tine seres' by tbo'4m nwtol method.
sad the time series were punched on the dWta tqee by the

6-Unit perforator (Kuroseave-2ein 0o., and or Okidenki l.o.)
(Pig. 5-5,A and B) and sent to the administrator of the o-

leotronic computer in Tokyo and their frequency spectra were

computed by means of the program of 201 ordinates harmonic

analysis and the results were sent back to our laboratory.

In some of the time series sampled from the above auto- and

4crosscorrelorams Kobayashi's double harmonic analysis (1953,

1955) were also applied in our laboratory to obtain their

frequency spectra.

g. Freauency response analysis. An important relation

between the power spectrum of the rhythmic experimental

stimlltion with 'f' per sec, that of the orosecoroelation

funotion between the experimental stimulation and the BSG

traeing during the stimulation and the 3EG generator activity

or the. frequency response of the generator have already re-
ported in the Paragraph 2 of THE FIRST QUARTMDY PROG388
UDOUt, i.e.

SX2(e;f) - G •~)- a()

where X(e;:f) and 4ey(f) are respectively the power spectra

of the experimental stimulation and the crosecorrelation

faumtion and O(e;f) in the frequency response of the generator,

4W the power spectrum of "threshold-impulse-reeponse" of the

generator due to an experimental impulse stimulation.

As the rhythmic experimental stimulation with various

frequencies were delivered always with a finite constant

intensity in any frequency, the power spectrum of the otSWJ-

lation is able to regard as always constant in every- fte-

quonoies of all the stimulations, i.e.
- 18 -
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Fig. 5-5A. 6 unit perforator (Kurosawa-Tsfshin).

Fig. 5-5B. 6 unit perforator (Oki-Electric Industry Co.).

-19-



(5,4) Z(e;f) = e, (Ks coast.)

eiefetore,

MY) KG(o;f)

OemeeqpAtly. the property of the generator actLvity (fre-
iAqsse respense), G(e;f), woul4 be roeelsd by the peter

speetrus of the crosecorrelogram of the experimental sttwo.-

lation and the BEG tracing during delivery of the stiimlation.
For convenience sake, therefore, the above crosecorrelogra

i•ey(f) is usually nominated asthe frqec epneinSs frequency response i

place of G(e;f) itself.
The frein•ncy response activities were obtained in the

t following procedures.

(i) Data _s ,l ,,and crosecorrelation analysis. An ink-

written or photographcd BEG tracing with the signals of the

experimental rhythmic stimulation was traced by handwriting

on the transparent graph paper when the digital numerical

orosscorrelation analysis (Sato et al., 1962) noted above is

appie4, while magnetioally recorded BEG and rhythmic pulse

seaes of the etioulation, which were recorded onto 1/4 incb

tape by the 3-ooannel or 8-obannel data recorder, were re-

records& on the endless 1/2 inch Bootch tape by the data

reorze• An the pulse signal correlator (UCA-26) to obtain

the ooesearrelognM* of the rblytboi stimulation and BEG by
mesn of the pulse signal correlator.

Tko, the eroseoerrelogre of the stimlation of vari-

we frequencies and the Wlf recordings were obtained (Pig.

(a) -u--� i aa n--ljm---s Wave forms
ot the-oreeoeorrlopoms were recorded mmgetoaelly onto 1/2
inob top* by the epecially doesped pantapraph (Ng. 5-3) by
somea of btwMery deplaeesent type Maoietio reoorinLg (DD
recordng) and then the maplitude speetrm of a ereoewel.-
pas was recorded by the instant epeotr saalper (1g.5u7,0).
The •rdinatee of & aroseoorrelogrm traced by the pulse signal

t -20 -
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A - -

obtaini~g th freuecyrepose

{ ~ure of. rhythmi cla/aick •stimuations wit varioeurs fore

quencies (1, 2.l, 3.2, 4,2, 5.2, 6.2, 7.8, 10.9, 13, 16.4

and 21s4 per second).

St CrOlsoorrelograme of the click stimulation and U30, which

were Computed by our method (Sato, Honda st al. 1962).

Arrows indicate the time pothts delivered the click.

! - 21-
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A•A

0 T

Pig. 5-6.11. Diagramatic illustration of procedures for

obtaining the frequency reponse.

Ts Power spectrp. of the above crosscorrelogrmas, which were

computed by the electrronic computer. Arrows pointing down-

ward locate at the .t`?'iulatI- . frequency.

Us Frequency responoe, .,bsc-La&- is the stimulatiln fre-

quency and crdinatq;e -." Lh,t or-ak height at the stimulating

frequency.

- 22 -



S * i- . w

Pig. 5-7. Procedures for obtaining the frequency response.

A: curves of rhythmic flash etimnulation and BE•G led from
cerebral visual area.

B: crosscorrelograms of the stimulations and EEGs, which

were calculated by our method (Sato, Honda et al. 1962).

C: frequency spectra of the crosecorrelograms, which were

traced by the instant frequency analyser (Pig. 5-4).
The numbers on the left of curves in A, B and C indicate

the stimulating frequency per second.

- 23



m . _ • .•.-.. /•5W*4e '&%. 1•&'. •r>' -• ,•, L J t • •

eee•Aste ,er. sampled digitallAy in every a tlai1e time
lhtis*,,• to form a time series, whea its poter speotain was
obt•laed by the eleotronic computýor in tokyo or by the method

of d4tble harmonic analysis. The power spectra of the above
croesoorrelograms were obtained, therefore, by the instant

spectrum analyser, by the electronic computer in Tokyo or by

double harmonic analysis (Kobayashi 1953, 1955).
(3) Determination of the amount of the average EG responses.

In the amplitude spectra and/or the power spectra of the above

crosscorrelograms, a pea•c located at the stimulating frequency

appeared to show the basic; response to the rhythmic stimulation

(Pig. 5-6,T, Fig. 5•7 ,1•/ and its height indicates the amount

of the BEG response in average, that is to say, •_ey(f) in

(5.1').
(4) Plotting the freguncy.response behavior. Conse-

quently, taking the stimulati'g frequency as abscissa and the

above peak heights as rrdi3n.%e the frequency response behavior
will be able to plot 'Fi. -6,1),'.

6. CONCLUSIONS DILAWN

Not only experiments on the roles of the thalamic non-

specific and specific nuclei and reticular formation upon

the "activity" (frequency response) of the generators of
electroencephalogram (EEG) and myotonogram (MT) were conducted,

but also physiologiecal significances of the BEG "activity"

(frequency response) and/or MT "activity" were studied from
the theoretical point of view of random precess in a sto-

chastic servosystex.

It was revealed that the "activity" (transforming action)

has an equivalent significance not only to the "excitability

cycle" ("recovery curve" of the excitability), but also to ex-

A t OereSponse area" in th• auditory system and the "spectral

sensitivity curve" in the visual system. It was inferred,

therefore, that the amount of the interaction between the
effecte of two afferent inflows upon the "activity" in a

24



portion of cerebrum, subcortioal system and others in the

central nervous system can be measured b~y the difference be-

tween the average frequency-patterns (frequency spectra) of

the "activity" induced by the combination of the two afferent

stimulations and the summation of those of each "activity"

induced by the two afferents. An augmentative or facili-

tatory interaction will be taken place, when the former average

frequency--pattern is larger than the summatione of the latter

two average frequency.-patterns, while an inhibitory interaction

will be taken place, in the instance of the reverse relation

to the above. And no interaction will be induced when no

difference was observed between the amount of the above two

average frequency-patterns,

A prominant augmentative bilateral interaction of BEG

was newly found in the lateral genjculate body (thalamic

specific nucleus). This result was different from the one

revealed by Bishop, Burke et al. (1958) in the excitability

cycle. As well as an augmentative effect in the interaction

of the mono- or binocular photic stimulation and unilateral

lateral geniculate stimulation, an inhibitory one was also

obser'7ed. It would be able to infer, therefore, both in-

hibitory and augmentative activities in the level of lateral

geniculate body.

By obtaining the autocorrelegrams of the cerebral EhGs

and the crosscorrelograms of the stimulation and the BEGs,

the average responses of EEG elicited by a low frequency

midbrain reticular stimulation were conspicously observed.

And those induced by low frequency centromedian stimulation

were also the same. By such a high frequency midbrain re-

ticular stimulation, that evokes electrocortical arousal in

cerebral ELGs, EEG response of photic flicker with a low

frequency was inhibited in a cerebral region, while it was

augmented in a different region. Not rnly an inhibitory

but an augmentative process in the cerebral cortex would be,
therefore, capable of considering during electrocortical
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arousal state. Ccnsequently, a new concept on the ascending
reticular activating and/or inhibitory systems concernuig

the .iG responses would be possible to consider, though more
precise various *bservationh and results on the BEG response

"activities" should be pile up to solve this proN'.I.

On the central innervations, i.e. descending reticular
influences upon the myotonogram (MT) activity, some evidences
of inhibitory and augmentative effects of th.e midbrain re-

ticular formation were observed.

7. IMPLICATIONS OF CONCLUSIONS
q. Interactions in the BEG responses to mono- ard bi-

nocular Photic flickering stimulatirn.
Many evidences, which demomstrate photic flickering

flash stimulation are suitatle to observe the human BEG ac-

tivity, have been reported 'y Sato, Sate et al., Mimura and
KitaJima. In our researct. experiments, therefore, BEG re-

sponses in the cerebral c-,tex elicited by mono- and binocular
stimulation of flickering flashes were also observed.

Let here x(t) be the stimulation to cause the ELT ac-

tivity in general and Lxl(t) and x,(t) be the left monocular
stimulation and the natural stimulation with respect to time
"t" respectively, then x(t) be

(7.1) x~t) = xe(t) + lxl(t),

as reported in the paragraph 2 of the Third Quaterly Progress
Report. An4

(7.2) x(t) = x6(t) + rxl(t),

when the monocular flash stimulation is delivered to the
right eye. It is also obvious that

(7.3) x(t) = x0 (t) + lXl(t) + rX (t)

when the binocular stimulation is delivered.
Let the power speotra of the BEG responses due to the
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etimlations expressed by (7.1), (7.2) and (7.3) respeotivelvy
by jY0 l(f), rYf.j(f) and iro 1 (f), .then the interaoticn between
the left and right monocular stimulation will be expressed in

the following 0 lr(f)

(7.4) elr(f) - Iryol(f) -. l 1Ol(f) + r ol(f),

as reported in the Third Quarterly Progress Report (see (2,10-1)

in page 6).

When

(7.5) Clr(f) > 0,

an augmentative interaction is revealed, while when an in-
hibitory interaction took place

(7.6) Clr(f) < 0

and when

(7.7) Clr(f) = 0,

no interaction would result.
The interactions elicited in the EEG response due to the

left and right mnocular flickering stimulations with 10 /sec

frequency were observed, because these interactions will be
important for basic or control activity to make clear the
influences of nonspecific and specific thalamic nuclei and
reticular formation upon the cerebral EEG activities. In the
inkwritten or photographed EEG records themselves, the PZG
responses were distorted and/or masked by irregular fluctuations,

which would be irrelevant to the experimental stimulation,

while in the autocorrelograms of the EEG recordings, as illus-
trated in Fig. 7-1,A, far mere regular time-pattern were ob-

served, since irregular fluctuations were eliminated by data
processing of autocorrelation analysis. As can be seen in
Fig. 7-1,A and B, the amount of BEG responses by a sae stimu-
lation in a region were usually not the same each other in the
left and right side.
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Pig. 7-i.A. AtoccorrOlograms of E3Gs before and during
monocular photiu fl£ keA.ing stimulation of 10 /sec.

(See next page)
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Pig. 7-4A. AutooorrelogramP of 33Gm before and during

monocular photic flickering stimulation of 10'/eo.

'I' and 'r' show left and right. P.8., L, P.L., and
G.L. indicate respectively the posterior sigmoid gyrus, lateral
gy•s, posterior portion of lateral gyrus and lateral geniou-

late body.

Abbreviations in the eat's brain sketch show the regions,

from which MeGs were led. Pour autocorrelograms from the

top to downward in each region were obtained from the WeG.

during without any experimental stimulation (Control), with

the left monocular; right monocular, and binocular flickering

flash stimulations of 10 /sec respectively.

Fig. 7-lB. Frequency spectra of the autocorrelograms in

Pig. 7-1A. (See next page)

Abbreviations are the same as those in Pig. 7-1A. On

the left in each frequency spectra of the autocorrelograms

during left(l) and right(r) monocular stimulations are illus-

trated and at the frequency of 10 /sec the summation of two

peaks of the BEG responses elicited by two monocular stimu-

lations is Indicated. On the right the spectrum of the auto-

correlogram during binocular (1 +.r) stimulation.
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Pig. 7-1B. Frequency spectra of the autocorrelogrma8 in

Pig. 7-lA. (See page 29)

93



A rhythmic oscillations of the stioulating frequenoy iu
the Outooorrelograms (Pig. 7-lA) and the peaks located at the
stimulating frequency in the spectra (Pig. 7-1,S) will be able

to consider as the BERG responses elicited by the flickering

visual stimulation, because no or very little oscillation with

the same frequency was observed in the autocorrelograme of the

control BEGs without the experimental stimulation. A slight

ERG response was observed in the posterior sigmoid gwus (PS)

(somato-sensory area), while a prominent one was elicited in

the lateral gyrus (L) (visual area). In the posterior region

of the lateral gyrus (PL), however, B3G response was weaker

than that driven in the middle portica of the lateral gyrus.
In the right lateral geniculate body (rGL), BEG response

elicited by contralateral monoculr s-timulation was higher

than -chat by ips~i..ateral stimulation, The response due to

binocular stimulation was higher than the summation of the

response to ccntralateral and 1psilateral monocular stimulation

respectively

Oonsequently, a facilJtatory interaction between the

BEG activities due to ipsi- and contralateral afferent inflows

was observed in the lateral gcniculate body. Not only the

response of 10 /sec frequenei, but that of 20 /sec (the first

high harmorlo frequency) was also observed in the frequency

spectra and it was elicited more prominently by the binocular

stimulation then by the monocular stimulations to show a

facilitatory interaction: In several autocorrelogr•ms double
or triple response time-patterns were observed, in all of

which a peak at 20 c/sec appeared. It is to be noted, there-

fore, from this fact that the peak in the high harmonic fre-

quency of the stimula'Ang frequency would be not always the

LBG response of high harmonic frequency, but it verify the

existence of the two or three different responses of the

stimulating frequency.

In the left posterior sigmoid Syri (•i•) the MG re-

sponse of 10 /see and 20 /see were very slight, while in the
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rwht gvs (rPM) a very low peak only appered at the stim-
lating frequency (10 Isee) by ipsi- or eontralateral monooular

stimulation. B., binocular stimulation, no evidence to suggest

interactions were observed in the both posterior saioid gyri

(iPI and rPS).

In the lateral gyri (L), a prominent facilitatory inter-

action in the ERG response of 10 /sec, whieh was driven by

binocular flicker stimulation, was observed in the right gyrue

(rL), whereas in inhibitory interaction was revealed in the

left lateral gyrus (UL). Though a facilitatory and inhibitory

interactions were also observed in the posterior region of

the lateral gyri (PL), they were elicited in the opposite side

to those in the lateral gyri (L), i.e. they appeared in the

left and right side respectively.

It would be verified from the above evidences that the

afferent inflows from ipse- and contralaterai. optic pathways

will converge at least in a portion of the lateral geniculate

body to evoke facilitntion in its activity, which in the cere-

bral visual area they will converge to induce not only a fa-

cilitation, but also an inhibition of the cortical activities.

Consequently, a more complicate thigher) activities will be

able to occur in the cerebral cortex than those in the spe-

cific thalamic nucleus. And the evidence of facilitatory

interaction in the lateral geniculate body suggests that this

nucleus plays not only a role of relay station, but also acts

as a modulating center.

Though it is well recognized that the cerebral visual

area of a cat occupy the lateral gyrus (the marginal gyrus),

which lies long in the medial margin to form the great longi-

tudinal fissure between the bilateral gyri. So that *t was

necessary to verify the local difference in the REG response

to photic visual stimulation. It would be better to observe
the crossoorrelograms of the stimulation and the ERG recordings
and their amplitudes or power spectra, than to observe the

autocorrelograms of the BEG recordings and their spectra,
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cocau.e in tne :onudr irro.Lovant activities will be ea1as**
exolusively, while in the latter irrelevant aOtivitis'e Ol be

* able inclusive in average.
In Pig. 7-2, orossoorrelogra"e of the photic flicker

stimulation of 10 /see to right eye and the monopolar W3G re-

oordings in various portions of the right lateral Srus, which

were traced by the pulse signal correlator, and their mpli-
tude spectra obtained by the instant spectrum analyser were

illustrated. It was clearly verified that the prominent BG

responses were induced in the posterior half portion (regions

5-7 in Pig. 7-2) of the lateral gyrus, while only feeble or

no responses were observed in the former half portion (Pig. 7-2,

regions 1-3).
In the posterior portion of lateral gyrus (regions 6 end

7 in Pig. 7-2) and middle portions (regions 4 and 5), in which

ulear responses were induced, two or three potentials were

evoked by one flash in 10 /sec flicker stimulation. In the

region, in which most conspicucas response were observed, three

potentials were clearly recognized in every instance of ipsi-

and contralateral monocular stimulation and binocular stimu-

lation, while in the other regions, except the response to the

ipsilateral stimulatioa in the region '3 and 4, the secontfhe

third potentials werc fused to one wave form.

The response t.tme-patterns (crosscorrelograms) elicited

by binocular stimulation were mcre prominent than those by

contra- and ipailateral monocular stimulation. These seemed

to be occured an augmentative interaction.

In the frequency spectra of these crosecorrelograma, how-

ever, the peak height lrYle(f e at the stimulating frequency

(fe = 10 /sec) in the region 5 and 6, which was elicited by

binocular stimulation, was lower than the summation of those

elicited by the afferent inflows via crossed and unerossed

monocular optic pathways respectively, i.e.

(7.8) lr Yl(fe) <yl(fe) + rYl(fe)
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* Pig. 7-2. Orosecorrelogrems of photic flickering stimu-
lation and BEGs in various portions of laterp.l gyrua and
their frequency :spectra.

Upper: Crosscorreloerams computed by the pulse signal

correlator. T,,o marks are beneath the lowest correlograma,

by which the two locations of flash stimulus repeated by
10 /seec flicker are indicated.

Lower: frequency spectra drawn by the instant frequency
analyser.

1-BYE, r-EYS and 1 r-EBnS show~ respectively left and
right monocular, and binocular stimulations.
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i~* -Pd WLe rh(fe) are respectively the peak height

•ucod by left aM right monocular stimulation and fe Is the
frequency of the experimental stimulation. Coneequently, an
inhibitory interaction would be hidden in the oroesooroelopame

in the cerebral visual area and it will be difficult to evaluate

from the croseoorrologr•ms themselves.

In the posterior lateral gyrus (region 7), however, the

peak height of the response due to binocular stimulation was

the same as the summation o± those due to contra- and ipai-

lateral monocular stimulation respectively, i.e.

(7.9) iryl(fe) = yil(fe) + rYl (fe)

No interaction was observed, therefore, in the posterior

lateral gyrus. In the first high harmonic response with the

frequency of 20 /sec in the region 7, 6 and 5 no interaction

was also observed, since the above relation (7.9) was verified

in these regions. On the region 4, however, inhibitory inter-

action was revealed in the narmonic response.

In all frequency spectra obtained from those crosseorrelo-

grams, in which double or tripplc responses to one flash stimu-

lus were observed, a peak at the first high harmonic frequency

(20c/sec) appeared except in the spectrum of the response

driven by right monocular stimulation in the region 5. This

evidence made sure of the already noted speculation in the

{ 'above that the peak at high harmonic frequency of the stimu-

lating frequency will indicate double and/or tripple response

to one stimulus in the rhythmic stimulation.

•. Interactions between the BkG re~sonses due to retinal

and specific thalamic afferent signals. Interactions in the

ERG responses driven respectively by right monocular photic

flickering stimulation and rhythmic elý-ctric shock to the

right lateral geniculate body in the bilateral posterior sigmoid

gyri (PS), lateral gyri (L), posterior lateral gyri (PL) and

left lateral geniculate body (MGL) were observed (Fig. 7-#,A
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,Nrponsee elicited by right aoncula*' st$.walaions In

the b1latesal posterior eignoid ri (Mt8, 08) were little
(Pig. 7-3 A, 3), while by the stimulation to right lateral
geniculate body the responses were induced in the ipsilateral

gyrus. In the other ipsilatoral gri (rL and rPL) also ob-

serve the responses. This response was remarkable In the

right posterior lateral gyrus (rPL). A peak of the first

high harmonic responses of 16 /see also appeared in the power

spectra (Pig. 7-3, B) of the ipsilateral gyri to suggest two

potentials due to one electric shock (Pig. 7-3, B rPL), as

already pointed out. On the other hand, no response was

elicited in the left lateral geniculate body (MGL). The re-

sponse due to right lateral geniculate stimulation in the

bilateral lateral gyri (4L, rL) were slighter than those in

the posterior lateral jyri.

The first high harmonic responses due to right monocular

flickering stimulation were yeilded more remarkably in the

spectra at the frequency of 16 /sec than the responses at the

basic frequency (8 /see). In the corresponded autocorrelo-

grams (Pig. 7-3, A), however, the most prominent responses

were observed at every 1/8 sec and lower one or two responses

intervened between two adjacent basic responses to form re-

spectively double or tripple response of the stimulating fre-

quency already noted in the former section (Pig. 7-1 and 2).

The most enhanced UL responses due to the monocular stimu-

lation were observed in the contralateral (left) lateral gyrus

(1L), the next was in the ipsilateral (right) lateral gyrus (rL).

No responses were elicited in the bilateral posterior lateral

gyri (WPL, rPL) and in the left posterior lateral gyrus, while

in the left lateral geniculate body a slight response was in-

duoed,

In the autocorrelograma (Pig. 7-3, A), the average re-

sponse time-pattern due to the combined stimulation of the
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7i1C 7-3A. Autocorrelograms of "Us during monocular ana
lateral geniculate stimulations of 8 per sec.

Abbreviations see Pig. 7-2A. In each regions, four
autooorrelograms of ERGs during no experimental stimulation
(left upper, control), right monocular flash (right upper),
right lateral geniculate electrical stimulation with 2 volts
10 ms (lower left, r-GL) and the synchronous combination of
the two stimulation (rGL + Plash, lower right) are illustrated.

Pig. 7-3B. Prequency spectra of the autocorrelograms in Pig.

7-3A. (See. next page)

Abbreviations see Fig. 7-2B. On the left in each
regions the spectrum during right geniculate stimulation
( (rGL) ) is painted black, while that of during right
monocular stimulation ( (r Bye) ) is summated in white on

the black-painted speotrum. On the right the spectrum

during the combined stimulation (r Eye + rGL) in white is

summated on that of the control without no stimulation,
which is indicated by dotted area. Arrow pointing downward

is the location of the stimulating frequency of 8 c/sec.
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&W 80ms03qW SUM1001M " the st1UatOMU to the hidt
latetel omeicalao bo4y was sore prominent In the bilater•l
posterior simpoid gyri (11S, rPB), right lateral grum (Ai),

right posterior lateral gyrus (rPL) and left lateral geniculate
body than each or one of the average response time-patterns
elicited by the stimulation to monocular and to the genioulate

body respectively, while lesser in the left lateral gyrus (UL)

and left posterior lateral gyrus (MPL). Consequently a fa-

cilitatory interaction in the former and an inhibitory inter-

action were suggested.

It was observed in the power spectra (Pig. 7-3, B) that

in the contralateral (left) lateral gyrus (UL), posterior

lateral gyrus (MPL) and lateral geniculate body (MGL), the

summation of the ELG response of 8 c/sec due to right monocu-

lar stimulation and that due to right latcral geniculate

stimulation was higher in peek height as that due to the

synchronously combined one of these two stimulations. The

above summation of the peak at the first high harmonic BEG
response of 16 sec was also higher than that due to the
combined stimulation in the left lateral (UL) and posterior

lateral gyri, while lower in the left lateral geniculate body

(MGL). So that an inhibitory and facilitatory interactions

of the high harmonic responses were observed respectively in
the contralateral visual areas (lateral and posterior lateral

"gyri) (1L, 1PL) and in the contralateral lateral geniculate

body (MGL).
In the ipsilateral (right) cerebral heminsphere (right

posterior sigmoid, rPS, lateral, rL, and posterior portion of

lateral gyri, rPL), the summation of the above BEG responses

of 8 c/sec was lower than the response due to the combined

stimulation. This difference was the most remarkable in the

right posterior lateral gyrus (rPL), while reverse evidences

concerning the response of high harmonic frequency (18 c/see)

were observed in the posterior sigmoid gyrus and in the poe-
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soUmtoseneory (MI') and visuael areas (rL, Mn).
By combining the stimulation to the right istewal ge-.

nioulate body with the binocular stimulation, therefore, the
responses in the bilateral posterior si430±4 gyri (lI'S, rI'S),
bilateral lateral gyri (IL, rL) were enhanced, while in the
bilateral posterior lateral gyri and left lateral geniculat.
body inhibitory changes were observed.

In comparing the autocorrelograms of the ZRG recordings
during the monocular (Fig. 7-3, A) with those during the

Q binocular 3timulation (Fig. 7-3, C), it was observed that a
more prominent responses were elicited in all regions by
binocular stimulation twan the responses due to the monocular

stimulation.
In the pooer spectra (Fig. 7-3, D), a higher peak to

reveal a facilitatory initeraction under the combined stimu-
lation was clearly observed at the stimulating frequency in
the both of the posterior sigmoid gyri (lPS, rI'S), while the
peak at the first high harmonics (16 c/eec) were lower during
the combined stimulation to reveal an inhibitory' interaction,
In the lateral gyri (lL, rL), a reverse evidences were ob-
served. In the posterior lateral gyri (lPL, rPL), all the

peaks at the stimulating frequ~ency and the first and'the
second high harmonic frequencies were lower in the instance
of the combined stimulation. In the left lateral geniou-

late body (MG), however, enhanced peak during the oankfted

stimulation was observed at the stimulating and the second
high harmonic frequency, while slightly lowered peak Op~eir*6
at the first high harmonic frequency.

q. Interactions between y"sj~ WAd cutaganeo &UNMU~

AnZ&Qow. Some observations were performed on the MU ac-
tivities elicited by monocular flicker stimulation alone
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Pig. 7-30. Aiatocorrelograme of BEGs during rhythmic USmeula

and right lateral geriiculate stimulation with 8 per se.c

Abbreviations see Pig. 7-3A.
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Wig. 7-SD). frequency spectra of the auatocorrelogrgIn Pig.

7-30.

Abbreviations see Fig. 7-3B.
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ad. synohronously combined stimulation of this f-Joke' =d

Arbtbmic electric shook to tht ipsilateral main pa'd of Una-
neethetimed and imobilized cats. Frequency response behaviors
of BEGs in bilateral lateral gyri (1. Lat and r. Let) posterior

sigmoid gyri. (1. post. sigmoid.), left nucleus centrum medianum

and right lateral genic~alate body were surveyed with the fre-

quencies ranging from 3 to 11 per sec in about 2 c/sec steps.

It was very often observed as can be seen in Fig. 7-4 that in

spite of BEG responses were difficult to evaluate from the BEG

tracing themselves, their autocorrelograms revealed some quali-

tative properties of the average time-patterns of the responses.

In addition, the frequency spectra of the autocorrelograms

obtained by the instant spectrum analyser verified the fre-

quency-patterns of the average responses not only qualita-

tively but also quantitatitvely-

In an unanesthetized and immobilized state an irregular

pattern of oscill]ations was ftin observed in the BEG records

themselves. In t,. aut.-,correlograms, however, no prominent

oscillation was vfsualized, while in their amplitude spectra

(power spectra of the LEG records) some low peaks to suggest

intrinsic BEG activities were observed in the frequency range

of human delta (0.5-.3.5 c/sec), theta (4-7.5 c/sec) and alpha

(8-13 c/sec) waves (Fig. 7-4 control).

As there are often observed irregular back ground BEG

activities in the LEG recordings before the initiation of the

experimental stimulation (Fig. 7-5, 6, 7, 8 and 9; A) and

during the delivery of the experimental stimulation the BEG

responses will be distorted and/or masked by them. Taking

the crosscorrelogram of the stimulation and the ELG recording,

the response Pnly will be .:btained, because irregular back

ground oscillations irrelevant to the stimulation will be

cancelled (Fig. 7-5, 6, 7, 8 and 9; B).

d. Eff~cts of the stimulation of the midbrain reticular

formation.
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Fig. 7-4. E3G response elicited by rhythmic binocular and
cutaneous stimulation with 8 per sec.

I. Left: EBG curves in the right lateral gyrus and the sigmas

of the stimulation.

Right: Autocorrelograms of the corresponding BEG curves on
the left.

II. Frequency spectra of the corresponding autocorrelograms

on the left.

from the top to down the recordings during the control without
experimental stimulation, binocular flickering atimulatim and

the combined one of these two are illustrated.
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SFig. 7-5. An example of BL(., recording showing augmentat:ive

and depreossive EEG responses by cutaneous stimuation in the
O left lateral gyrus.

A: EEG recordings in the state of no experimental stimulation.

B: Simultaneous recordings of signal of the stimulation and

EEG. C; Crosscorrelograms of the stimulation and the ]M.

Arrows pointing upward show signals of the stimulation. D:

frequency spectra of the crosscorrelograme.

I .3nd IIi Photic flicker stimuilation only (P) and the combl;-

natio,.n of the p0hotic and cutaneous stimulations (P + S).

Stimulating frequency was 5 cisec.

III exid III: Quit~e the same as I and II respectively. Stimu-
S• lating frequency was 10 c/sec.
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right lateral gyi'us of a cat.

Abbre-:,a.;J ao- see Fig. 7.-5,



A__ A_ _____ _____ A u

AP m 'At' Am& A ww AN

A*

Pig. 7-7?. Ana example of BIG curves and B~EG responses in the
left Posterior sigmoid gyria. of a cat.

Abbreviations see Pig. 7-5,
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Pig. 7-9. An example of BEG curves and 330 responses in the
right lateral geniLculate body (I, II) and left nucleus centrum

mediLanum (III, IV) of a cat.

AbbreviatiLon see Fig. 7-5.
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.7-10. Frequency response elicited by binocular flickering

flaesh stimulation and rhythmic electric shock to right main pad

of a cat.

Pull line: Frequency response by binocular stimulation 04lY.

Dotted line: Frequency response by the combined stimulation

of the binocular and cutaneous stimulation.

Upper left and right: Left and right posterior sigaoid gyri.

NIdle left and right: Left and right lateral gyri.

Loer left and rights Left nucleus centrua medianum and rght

lateral geniculate body.



(1) If~tnf~ueMo stivulaticra. It bas been vel re.
cognised that a high frequency electric shock stimulation to

the brain stem reticular formation leads to a diminution or

abolishment of the basic BEG potentials and in place of them

low voltage fast oscillations are induced.

As can be seen in Pig. 7-11, high frequency stimulation

(200 /see, 1.5 Volt strength, 0.1 msec duration) to the uni-

lateral midbrain reticular formation, by which low voltage

fast activities were observed in the bilateral lateral gyri,

yielded an inhibition of the photically induced BEG responses

of low frequency in the ipsilateral lateral gyrus, whereas an

augmentation of the BEG responses in the contralateral lateral

gyrus.

In Pig. 7-12,E, some changes in the autocorrelograms of

SBG records caused by high frequency unilateral reticular

stimulation are illustrated. In the left and right posterior

lateral gyri (11 and rL) and right lateral geniculate body

(rGL), not only enhancement of the slow oscillation in the

autocorrelograms before delivery of the stimulation in some

instances (Fig. 7-12,E, 1L-B, rL-B, rGL-A), but also dimi-

nution of the oscillation was also observed by the reticular

stimulation (lL-A, rL-A, rGL-B). In the latter, low and

fast oscillations were superimposed in the diminished slow

wave forms. In the amplitude spectra of the autocorrelograms

these evidences were also indicated in the change of peak

heights. In the left lateral gyrus (1U), the peaks located

at about 1.5, 4 and 7.5 c/sec in the spectrum of the auto-

correlogram 'A-left' without the reticular stimulation (Pig.

7-12,B, right 1L,a) were lowered in their heights in the

spectra of the autocorrelogram 'A-left' during delivery of

the reticular stimulation (Fig. 7-12,3, right lL, A), while

a peak at the frequency of 25 c/sec was enhanced in the latter

spectrum, by which the above noted superimposition of the

low and fast oscillations were verified. In the spectra

(Pig. 7-12,B, right, b and B) of the autocorrelograms B in
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Pig. 7-l11 An inhibitory and augmentative effect of high
frequency stimulation to the midbrain reticular formation
upon the EUG response.

BUG curves on the left and right are led respectively

from the left (l.Lat.G) and right lateral gyri (r.lat.G).
P: Photic flicker monocular stimulation of 7 per sec to

right eye.

RN. Rhythmic electric shook 200 per sec 1.5 volt, 0.1 msec
to the left midbrain reticu~lar formation,

P + RP: The combined stimulation of the above two.

Arrows in the middle and lowest curve indicate the initi-
ation of the high frequency reticular stimulation.
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Pig. 7-.121. Effect of high frequency reticularz stimulation.
(See next page)
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Pig. 7-123. Effect of high frequency retioulu otluulrtion.
SLeft. Auatocorrelogramu of BEG, in the Uilateral posterior

portion of the lateral gyri (1-L and r-L) (top and inter-
mediate palre) and right lateral geniculate body (r;-GL) (the

lowest pair). In each region, uppermoet two autocorrelo-

grams (A) were computed from EEGs before delivery of many

rhythmic stimulations for obtaining the frequency response

behavior and lower two autocorrelograms (B) were derived from
Me after repeating many rhythmic stimulations.

Left autocorrelograms in A and B: The controls without re-
ticular stimulation.

Right autocorrelograms in A and B: Electric shock of 200 /sec

L" (2 V, 0.1 ma.), to the left midbrain reticular formation.

Abbreviations in bilateral lateral gyri (lL and rL).
Right: frequency spectra derived from the autocorrelograms

on the left.

a and b: Control without the reticular stimulation.

A wA Bs High frequency stimulatio to the left aidbreai

reticular formation.
a, b, A and B are correspondingly obtained respectively from

autocorrelograms illustrated in A-left, B-left, A-right and

B-right.

C: Sunmmation of the spectrum A and B.

Abbreviations in the right lateral geniculate body (-GL).
Upper spectra in A and B were computed from the autocorrelo-

grams on A-left ard B-left respectively, i.e. the control.

Lower spectra in A and B were obtained from the auto-

correlograms on A-r•ght Find B-right respectively, i.e. high
frequency stimulation th3 left midbrain reticular formation.
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P'ig. 7--12P. Influence of high frequency reticular stimu-

lation upon the frequency response of EBLG.

1L and rL: posterior portion of the left and right lateral

gyri respectively.

rC-L: right lateral geniculate body.

In each regions, four curves are illUstratec'. The upper lef'.

one (rF) is the frequency response elicited by right monocular

photic flicker stimul.ation. The upper right one (iRe) 4S

derived from the frequenoy spooctruni C in Fig. 7-12Bý Theo irdi-

nates were taken as half those in C, i.e. the average height

of the two spectra. The lower left one (rF) + (iRe) is the

summation of the above two curves, (rF) and (lRe). r'he lo~wer

right one, (:1- + iRe), is the frequency response elicited by

the combined stimulation.
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*he left lateral Syrus (IL) reverse changes in the peak
heWl ta an the frequency range of lover than 5 a/& were ob-

served by the reticular stimulation, while no peak at about

25 6/iee was enhanced. Quite a similar results were observed

in the right lateral gyrus (Fig. 7-12,B, rL).

In the spectrum of the right lateral genicalate body, an

enhancement of the peak height of about 1.5 c/sec was observed

in A (Pig. 7-12,E, r-GL A). Corresponding to the fact that

a decrement of the oscillation in the autocorrelogram B of

lateral geniculate body was observed by the reticular stimu-

lation, not only peaks located at about 1.5 and 4 c/sec were

lowered in its spectrum (r-GL, B) by the reticular stimulation,

but peaks at high frequency range were also decreased in their

heights. In Fig. 7-12,F, the frequency response patterns

evoked by right monocular photic flickering stimulation only

and by the combination of this stimulation and high frequency
stimulation (200 /sec, 2 volts, 0.1 ms) to the left midbrain
reticular formation in the bilateral posterior portions of

the lateral gyri (1L and rL) and right lateral geniculate body

are illustrated. On the frequency response due to the com-

bined stimulation in the right posterior portion of lateral

gyrus (rL) a higher peak was observed than the summated one

of the frequency response elicited by the photic stimulation

only and the frequency spectrum during the high frequency

reticular stimulation.

In the left posterior portion of lateral gyrus (1L) and

right lateral geniculate body (r-GL), however, the peaks in

the former were lower than those in the latter. Consequently,

an augmentative effect of the unilateral reticular stimulation

was observed in the contralateral posterior portions of later-

al gyrus, while an inhibitory effect was observed in the ipsi-

lateral posterior portion of lateral gyrua and contralateral

lateral geniculate body.

More experimental data would be necessary to make clear

the influence of high frequency reticular stimulation upon
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the BEG activities in the cerebral oortex. T $be #ext 1IMX

ROM1 maore precise experimental data and their pysiological
significanoee will be reported.

(2) Low freguencv stimulation. By a low frequency stimu-

lation to the unilateral midbrain reticular' fir't9ir 7-l3,1),

BEG responses of the stimulating frequency were observed in the

bilateral lateral gyri, wherein the induced response were more

remarkable in the ipsilateral gyrus than that in the contra-

lateral gyrus. Even when the double oe' tripple ERG responses

were driven by one flash stimulus in the low frequency photic

flickering series, the response induced by the low frequency

stimulation to the midbrain reticular stimulation was sinusoidal

. in its wave form (Fig. 7-13).

By synchronous combination of the reticular and flickering

stimulations, the second and third responses in the above double

and tripple response were augmented respectively. Although

the response amplitude elicited by the combined stimulation is

higher than each response due to photic or reticular stimu-

lation only, the former was lower than the summation of the

latter two in the left lateral gyrus except in the instance

of 1 c/sec stimulation (Fit. 7-14, lb lat. G, Pig. 7-15, UL).

In the right lateral gyrus (Fig. 7-15, rL), however the former

response was higher when the stimulating frequency was lower

than 7 c/sec and higher than 15 c/sec.

e. Reticular influences upon the myotonogranhic (MT) and

BEG activities. High frequency stimulation to the midbrainI reticular formation caused inhibition and augmentation of the

myotonograms. As can be seen in Pig. 7-16A, very slight en-

hancement of myotonograms (r-MT and 1-NT) led from bilateral

lateral -thighz3 was observed by the stimulation of strength of

1 volt and 0.1 ms duration with the frequency of 100 /see to

the left midbrain reticular formation, wherein RIGs in the

ipsilateral posterior sigmoid (1-PS) and lateral gyri (!-L)
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Pig. 7-13. BEG response elicited by low frequency reticular

stimulation in the lateral gyri.

P. right monocular photic flickering stimulation.

RP: rhythmic electric shock to the left unilateral midbrain

reticular formation.

P + RP: synchronously combined stimulation of the above two.
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Pig. 7-14. Frequency spectra of the autocorrelograms in

Fig. 7-13.

Abbreviations are the same as those in Pig. 7-13.
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Pig. 7-15. Influences of stimulation to the midbrain re-

ticular formation upon the frequency response in the cere-

bral cortex.

(rP) | Frequency response elicited by right monocular flash
stimulat ion.

(1RP) s Frequency response evoked by the rhythmic electric
shock stimulation to the midbrain reticular formation.

(RP + rF): Frequency response induced byr the synchronous

combination of the above two stimulations.

(IR) + (r?): Summation of the two frequency responses (rp)

and (iI-o).
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Fig. 7-16A. Effect of high frequency stimulation to the

midbrain reticular formation upon the myotonograms (MTs) and

EEGe. (See next page)
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PC, 7-16A. stree t o• b• e•r•waw atilattu to the
* 5midrain rettidenri formatIpn..poft too~ i;Wptoaogetos, Me) and

MTe were led from the surface of bilateral thigh

r and 1i right and left.

GL: lateral geniculate body.

CM: nucleus centrum medianum (centre mbdian).

L: lateral gyrus (visual area)

PS posterior sigmoid gyrus (somatosensory area).

Arrow pointing down (ON): Initiation of high frequency

rhythmic electric shocks (100 /sec 0.1 msec) to the left

midbrain reticular formation.

Arrow pointing upward (OFF): Cessation of the reticular

stimulation.

Upper curves: 1 volt stimulation.

Lower curves: 2 volts stimulation.
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Fig. 16B. Inhibitory effect of the high frequency reticular

stimulation upon the MTs.

Abbreviations see Fig. 7-16A. Stimulation was 200 /sec,

2 volts, 0.1 meec.
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were also induced slow fluetuations. When lhb stweagh of
*high freqasay unilp.tere.l. reticuLhr 9tizmlation wa made

Otttmt to 2 volts, %uevert, a rover" -1j " i lVi bilateral
4imoanme was obviously observed and iD* were awemented

4a 004 ft the 1pslsoteral posterior s~ood (1-P8) and lateral
ar' (L•w-), but also enhanced in the oontrulateral lateral
gyrus (r-L). In addition, BEG oscillations In the ipailateral
nucleus centrum medianum (1-CM) and in the contralateral later-

al geniculate body (r-GL) were also augmented. As illustrated

in Fig. 7-16B, increased the stimulating frequency to 200 c/seo,

the inhibitory effect upon the bilateral myotonograms (r-MT,

I-MT) became more prominent and a rebound phenomenon was ob-

served after cessation of the stimulation. The augmentative

influences upon the EEGs jii tie ipsilateral posterior sigmoid

gyrus (1-PS), and nucleus centrum medianum (1-CM), bilateral

lateral gyri (1-L, r-L) were also grown up. In addition the

potentials seen before the initiation of the stimulation in

the contralateral lateral geniculate body (r-GL) were observed

in an opposite direction during the stimulation.

The aupnentation of slow BEG potentials due to high fre-

quency reticular stimulation would be accounted for lowered

activity in the cerebral cortex and/or caused by the nembutal

anesthesia in the cortico-thalamic and thalamo-cortical re-

verberating circuits. In an immobilized cat by administration

of flaxedil, as can be seen in Fig. 7-17, high frequency stimu-

lation to the left midbrain reticular ... rmation lead to an en-

hancement of bilateral myotonograms accompanying low voltage

last BEGs in the bilateral lateral and posterior sigmoid gyri,

while slow activity of about' 3 c/sec was observed in the right

lateral geniculate and left nucleus oentrum medianum.

Prom the above evidences augmentative and inhibitory

influences of the midbrain reticular formation upon the nyo-

tonic activities would be verified. In the following oxperi-
ments and data processings in the extended contract these

central influences upon the frequency response of Syotonografs
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Pig. 7-17. Augmentative effect of high frequency reticular
stimulation upon MTe.

Abbreviations see ?ig. 17-16.
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wil be ,ore precisely ar-.lysed.

o of tilt. ruth '. 4Mic nonspecifio nucleus (MIUzM
-- _•t•VM) n the BEGactivities. It was revealed

by the method of evoked potential (recruiting response) that

uomsp •O~f thalamic nuclei belong to the diffuse projection

system and they send .+fferent inflows to various regions of

the cerebral cortex especially to association areas. Little

evidences in terms of BEG activities were, however, hitherto

obtained.

EEG response in the association area, for instances in

the suprasylvian gyrus (SS), were yieded also by photic

* flickering visual stimulation, as illustrated in Pig. 7-18.1,

when the crosscorrelograms-of the rhythmic stimulation and EEG

were obtained by our method or by the pulse signal correlator.

In many instances the stimulation to the left nucleus centrum

medianum (1CM) elicited siRdal wave like EEG response in the

posterior sigmoid (Fig. 7-18.1a and B), suprasylvian (C and D)

and posterior suprasylvian Syri (E and F), on which, however,

small fast responses were superimposed to distort the wave

form, while photic stimulation evoked double or tripple re-
sponses in many instances (1-Pig. 17-18, 1). In some instances,
the ZZG responses were depressed by combining the two stimu-

lations, while they wc.o-- augmented by the same stimulation.
Consequently, ir& ,x• of the nucleus centrum medianum

stimulation upon -0,( . . ' os to photic flicker etimu-

lation were observed r,.1 a:, , ';y response behavior re-

spectively under . +Y..: .,.•:er stimulation, electric shocks
to the nuoleus ceer.. •,u.e o and the synchronously combined

stimulations were survics ed with tho frequencies ranging from

1 to about 20 per second in abo'it I per sec steps in lower

j frequenOies than 15 c'/sgo end in about 3-5 c/sec steps in

higher freiuencies thean 1 c/sec.

In Pig. 7-19, a case of the frequency responses in the

b, bilateral posterior sigmOid (1PS and rPS), bilateral lateral
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Fig. 7-..j.8,' , SEG responses induced by low frequency stimu-

lation to the nucleus centrum medianum.

A, B: left and right anter.or ,ortions of the lateral gyri

respectively

C, D: left and right suprasylvi.an gyri (association areas)

respectively.

3, F: left and right posterior portions of suprasylvian gyri.

(CM)t rhythmic electric. shock stimulation to the left nucleus

centrum medianum.

(Light): binocular photic flickering stimulation.

(CM + Light): the synchronously combined stimulation of the

above two.
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Fig. 7-18,1F. EEG responses induced by low frequency stimu-

lation to the nucleus centrum medianum.

A, B: left m.nd right anterior portions of the lateral gyri

respectively.

C, D: left and right suprasylvian gyri (association areas)

respectively.

L, F: left and right posterior portions of suprasylvian gyri.

(CM): rhythmic electric shock stimulation to the left nucleus

centrum medianum.

(Light): binocular photic flickering stimulation.

(CM + Light): the synchronously combined stimulation of the

above two.
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Fig. 7-18,2. Frequency response behaviors in the aseoci-

ation areas elicited by binocular photic flash stimulation

and/or the stimulation to the left centrum medianum.

Abbreviations see Fig. 7-18, IB and P.
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(UL and rL), bilateral posterior suprasyrvian (1PSS and rPSS)

gyri and right lateral geniculate body elicited by photio

flickering stimulation to right eyeb those by the rhythmic

electric shock to left nucleus centrum medianum and those by

the combined one of the two stimulations are illustrated.

Other inkwritten and magnetically recorded data on these

frequency responses were obtained. Data processings for

verifing the frequency response behaviors, however, are not

yet completed, but are in progress, because it takes time

for carrying these data processing.

8. POSITIVE OR NEGATIVE CORROBORATION

As basic BEGs of men and animals are irregular potential

oscillations with the frequencies in the range of from 8 to

12 c/sec, BEG responses due to various stimulations with a

frequency in the above frequency range were observed before

obtaining the frequency responses in the cerebral soicato-
sensory and visual cortex.

As various afferent inflows converge in the cerebral

cortex, there are various interactions between them to cause
inhibitory and/or augmentative BEG activities. Even in the

BEG responses induced by photic flicker stimulation only,

there are interactions between right and left monocular stimu-

lations, between photic and geniculate stimulation, between

photic and reticular stimulations etc. Not only interactions

between two afferent inflows to the cerebral cortex, local

differences in the lateral gyrus (visual area) should be ob-

served, because it is long area as already pointed out.

Little knowledge about the interactions in BEG activities

and their physiological significance are obtained hitherto.

Some important contributions would be found in our results
noted in the Implications of conclusions.

Though we could perforw. some research experiments on

the frequency response behavior related to the 'Special Re-

search Goal' noted in the Negociated Contract, Lrticle l,a.(l),
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and innumerable inkwritten and magnetically recorded data

are in our hand. The results of data processing of them,

however, are not yet piled up enough, because it takes much

time for data processing. We would like to sum up, there-

fore, in the next Final Report.

Prom the same point of view of the B3G generator ac-

tivity, myotonogram activity was defined (THE FIRST QUARTERLY

REPORT, Paragraph 2. Fundamental Point of View of the Re-

search), by which the central control mechanism in the neuro-

mascular system would be a~le to investigate. The results

of the data processing and further experiments will be reported

in the later report.

9. CONTRIBUTIONS TO THEORY

From various stand points, physiological significance

of the electroencephLlogram (EEG) has been investigated

since Caton (1875) found the cerebral potential irrelevant

to the experimenti, stimulation of animal, especially since

Berger (1929) succeeded in recording the EBGs from the surface

of human scalp. Few results have been revealed, however,

compared with the innumeratle number of papers reported

hitherto.

On the generating mechanism of the EEG, it will be

generally recognized that a complex summation of the slow

potentials (Tasaki et al. 1954; Jasper 1961; Hild and Tasaki
1962) of excitable membrane originated in the apical dendrites,

neuron somas and/or glia cells in the cortex, like dendritic

potentials, post-synaptic potentials, etc. will be picked up

by tha leading (gross) electrode(s) to trace MEGs.

Few results were obtained, however, in what mechanism

the above slow potentials will be summated to form the BZG,

As already noted in the FIRST QUARTERLY PROGRESS REPORT,

Paragraph 2. Foundamental View Point of the Research, Sato
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(1961, 1962a, 1962b, 1963a,b) and Sato, Osaki et el. (1961a)

made a progressing step in the orginating mechanism of the

BIG, in which MIG potential at an arbitrary time point will

be the algebraic summation of after potentials of the slow

potentials of the brain neighbouring the leading electrode(s)

(BEG generator) evoked by afferent nervous impulses delivered

in the past of this time point (Sato 1962ab).

Here, the time-pattern of the LBG potential will be

expressed by an integral. equation of the time-patterns of

the afferent stimulation and the slow potential of the BEG

generator elicited by a single threshold impulse stimulus

(the "threshold-impulse-response"). And by applying the

$ Fourier transform to this integral equation, the following

important and fundamental relationship:

(9.1) x(f). G(f) = f(f)

was obtained, where X(f), G(f) and Y(f) are respectively

the power spectra of the stimulation, the "threshold-impulse-

response" of the BEG generator and the BEG and "f" is the

frequency (cycles per second) (Sato et al. 1957, 1961).

It has also been verified by Sato (1956-57; 1957a, b,

c; 1959a, b) Sato, Ozaki et al. (1960, 1961a) that G(f) is

not only the "frequency response" of the EEG generator, but

also has an extended physiological significance of the "ex-

citability" and assigned as the "transforming action" (Sato,
Mimura et al. 1957, Sato 1956-57, 1957a, b, c, 1958, 1959a, b)

or the "activity" (Sato, Ozaki et al. 1960, 1961).

In addition, Sato (1961, 1962a, b) verified further

physiological significance of the generator "activity"

("transforming action") during performing this research

contract that is equivalent to the "response area" (Galambos

& Davis 1943; Tasaki 1954; Katsuki 1960) in the cerebral

auditory system and the "spectral sensitivity curve" (Suzuki,
Taira and Motokawa 1961) in the cerebral visual system.

S.That is to say, let "f" in (9,1) be the frequency of the
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pure tone stimulus delivered to the et-r and be the wave

length of the monochromatic light stimulus delivered to eye

respeotively and in addition let X.(f) be the threshold

stimulus of them, then the frequency-pattern of the excita-

bility of the auditory and/or the visual system can be ex-

pressed in the next B(f):

(9.2) B(f) = 1>

It is obvious thereforu that the "response area" and

the"spectral sensitivity c-irve" are equivalent to E(f).

From the above (9.2),

(9.3) Xu(f)" B(f) = (1 : unit response)

is easily obtained, where 111" in the right side can be con-

sidered as the unit amount of the response caused by the

threshold stimulus, as sften done in physiological experiments.

If the stimulation X~f) in (9.1) is equal to the threshold,

that is to say, X(f' = Xu(f), then the amount of the response

Y(f) can be considered as unity in any frequency, i.e.

(9f4) Y22 - f, when X(f) = k(f),

therefore,

(9.5) G~f) = EM, when X(f) = Xk(f).

Consequently, it is obvious that the "activity" ("trans-

forming action"' G(f) has a more extended physiological sig-

nificance than the "response area" in the auditory system

and the "spectral. sensitivity curve" in the visual system.

Not only in the peripherp2 nerve (Gasser 1939), but also

in the central nervous system (Lloyed 1946; Jarcho 1949;

Chang 1950, 1951; Gastaut et al. 1951) in general, the "ex-

citability cycle" or the "recovery curve" of the excitability

is often obtained to make clear its physiological properties.

The concept of the "excitability cycle" is also able to

describe in terms of the above noted "activity" (transforming
" action). When the time-pattern of the "activity" is con-
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sidered. in terms of the following relationehip between the

time-pattern of the stimulus inteneity and that of the amount

of the response, i.e.

(9.6) X(t) • A(t) - R(t)

where X(t) is the strength of the stimulus delivered to a

physiological system at time "t" and R(t) is the response of

the system elicited by the stimulus X(t) and A(t) is the
"activity" of the system to produce the response R(t).

Let the time point, at which the conditioning stimulus

will be delivered, be taken as the time origin, then the

amount of the evoked response by this conditioning stimulus

will be R(O), when 0 is assigned to the time origin. Then

the intensity of the conditioning stimulus is able to express

by X(O), and the same relation as the equation (9.6):

(9.7) X(o) • a(O) = R(OW

will be able to consider, where A(O) is such an "activity"

that the quantitative expression of the physiological property

neighbouring the leading electrode(s) to produce the amount

of response R(O) by a delivery of the conditioned stimulus
X(o). When the test stimalus with the strength X(t) is

delivered "t" second later the conditioning stimulus to

produce the amount of the response R(t), then the relation

(9.6) is also able to consider, where A(t) is the "activity"

due to the test stimulus.

The "excitability cycle" is, therefore, nothing else

than R(t)/R(O), i.e.

(9.8) R(t)- .x~t) AitQ
R77o) "x(o) '(O

Here, the same conditioning stimulus X(O) is delivered always

in its quality and quantity and the test stimalus X(t) is

also always constant at any time "t", at which it will be

delivered. Then X(t)/X(O) can be regarded as always

constant,
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(9.9) x(t)/Z(O)- ('z z.

When the Wounit of the evoked rasp" b, Ve Wlloatto. a
stimulus are al,.rays finitely constoAts aM. often dsuotwtltsed
hitherto (Jarcho 1949; Chang 1950, 1951, 1952t Gastaut et al.
1951), then the activity A(O) will be also constant, is..

(9.10) A(O) = KA, (KA i const.)

The excitability cyc:e R(t)/RPO) becomes, therefore,

(9.11) -- K At

(K X , /K const.)

Tnis result tells us that the "excitability cycle" is

nothing else than the iinm-pattern of the "activity" ("trans-

forming action").

It is already pointed out by Sato, Ozaki et al. (1961a)

and Sato (1961, 1962a,b, 1963a,b) that the inverse Pourier

transform of the frequency-pattern of the EEG "activity",

G(f), in (9.1) is the average time-pattern (autocorrelation

function) of the "threshold-impulse-response" of the EEG

generator. It would be infered, therefore, that the "ac-

tivity" ("transforming actioii") and the "excitability cycle"

are analogous each other in their physiological significance.

Consequently, an "impulse-response" of the brain in the

"neighbourhood of thf. leading electrode(s) and/or the auto-

correlogram of the BEG recorded in the resting relaxed state

would be reseubled each other in their wave form. And some

experimental evidences have been demonstrated by Barlow (1960),

Uttal and Cook (1962) and Sato (1963a).

An enhancement and diminution in the BEG "activities",

which are capable of obtaining in the autocorrelograms of

BEGs and/or the crosscorrelograms of the stimulation and

the BEGs and their frequency spectra, therefore, will re-

spvctively indicate augmentative (or facilitatory) and in-
hibitory procasses in the EEG generator.
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Noru•ui and Magoun (1949) observed that not oW4 spos
tarneoue oortioa2. WIGpotential. but also recruiting "oeatta
can be abolished by high frequency stimulation to the brainston

retioular formation. Leter, not only Jasperf, Naquet and

King (1955) confirmed them and but also Purpura (1956) stated
that an inhibitory process should have been occured when an

electrocortical arousal pattern is evoked by high frequency

reticular stimulation, because he could demonstrated depression

of the dendritic response in this state. In addition, Steriade

and Demetrescu (1960) also demonstrated that high frequency

mesencephalic reticular stimulation exerted inhibition of bi-

lateral cortical flicker potentaal of 1 and 3 /sec, whereas

it exerted facilitation of those of 8 and 16 /sec. It was
also observed in one of our experimental results (Fig. 7-11)

that low frequency flicker potentials in the lateral gyrus

were inhibited by high frequency ipsilateral reticular stimu-

lation, whereas they were augmented in the contralateral re-

ticular stimulation. And in the autocorrelogrlms and their

frequency spectra of EEG illustrated in Fig. 7-12, high fre-
quency midbrain reticular stimulation induced reduction of
the slow background EEG potentials in average and occasionally

enhanced high frequency (25 c/sec) LEG potential. When the

slow background EEG potentials were not prominent, they were
rather augmented by the reticular stimulation. Further re-

sults will be demonstrated in the next FINAL REPORT.
It is generally accepted since Adrian and Matthews (1934)

and Adrian and Yamagiwa (1935) stated that diminution or

abolishiment of the basic EEG potentials, which is called
"electrocortical arousal", indicates an excitatory process in

the brain. From the above theoretical and experimental evi-
dences, however, this changes in any BEG potential in men and

animals would be followed some inhibitory process informed
by depression of BEG potentials, as already state by Purpura
(1956), Sato and Mimura (1957) Steriade and Demetrescu (1960)

and Mimura et al. (1962).
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Marshal (1949), Ordeser-Oornbla wad Gaesier (1960) and
Grdeser and 8iuer (1940) ooncluded that no specific inter-

action will take piace at senioilate level of cat, while

Bishop and Davis (1953) provided clear evidence that some

interaction did take place at geniculate level. Bishop,

Burke et al. (1958) observed in the excitability cycle in
the geniculate response that the test response in the lateral

geniculate body elicited by the contralateral optic stimulus,

which was delivered various delays after the conditioning

stimulus to the ipsilateral optic nerve, was facilitated and
depressed respectively at intervals of 2-3 me and 4-300 ms.

Their histoligical studies showed that direct binocular

interaction is limited to the zones in the geniculate nucleus

which contain large cells, i.e., the nucleus interlaminaris
centralis and the nucleus interlaminaris medialis. Although

Grtlsser and Sauer (1960) stated no real convergence of both
ipsi- and contralateral retinal afferents could observe,

they observed that 8 neurons showed a statistically signifi-

cant diminution of discharge frequency to synchronous bi-
nocular light stimulation in comparison with their monocular

light responses. This evidence seems to suggest the inter--

action in the geniculate level.

As can be seen in Pig. 7-1A and B, geniculate retsponses
to binocular rhythmic flash of 10 c/sec were far higher than

the summation of those due to right and left monocular stimu-

lation, so that a conspicous facilitation was yielded in the

geniculate level by repetitive binocular flash stimuli in
every 100 me. In the excitability cycle demonstrated by

Bishop, Burke et al. (1958) depression of the geniculate

response at the interval of 100 ms between the conditioning

a.nd test stimuls amounted to about 20 %. In addition change
in the discharge frequency of geniculate neurons induced by

synchronous binocular light stimulation was also suggestive

an inhibitory interaction (Grdsser and Sauer 1960). Conse-

quently, an opposite interaction to the result demonstrated
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by Bishop, Burke et al. was verified in the average response

time- and frequency-patterns of AG. A new evidences can
be expected, therefore, in the frequency response of lateral

geniculate body, which will be reported in the next PINAL

REPORT, since it takes time to perform data processings

necessary for obtaining frequency responses.

Moruzzi and Magoun (1949) noted that low frequency stimu-

lation of the ascending reticular system did not itself in-

duce a recruiting response (Jasper 1949, Jasper and Ajmone-

Marsan 1950, Hanberg and Jasper 1953, Verzeano, Lindeley and

Magoun 1953, Jasper, Naquet and King 1955), one for each shock

which coincode -,-o our EEG response of the stimulating fre-

quency. As illustrated in Fi.g. 7-13, distinct BEG responses

were induced by low frequency stimulation to the midbrain

reticular formation, Even when the responses could not ob-

serve in the EEG record itself, it was carved in relief in

the autocorrelogram of the EEG or in the crosscorrelogram

between the stiiulation and the BEG. And it was observed

such an example as illustrated in Fig. 7-15 that the fre-

quency response in the left lateral gyrus due to contralateral

photic flicker stimulation was enhanced by synchronous combi-

nation of the ipsilateral midbrain reticular shock stimulation.

In the frequency response obtained in the right lateral gyrus

the same effect wis also observed except at the stimulating

frequency of lc c/seu, at which reduction was observed. In

other example of the frequency response in the lateral gyri

(Fig. 7-12,F), ipsi2ateral flicker potentials were augmented

by the synchronizod electric stimulation to the contralateral

reticular form%..tion, while contralateral flicker potentials

were inhibited by the synchronized stimulation to the ipsi-

lateral reticular formation. Consequently, it would be

obvious that a low frequency reticular stimulation is capable

of inducing not only a rocruiting response (LEG response),

* but also of exerting augmentative and/or inhibitory effects
' upon the cerebral EEG responses. And when an inhibitory
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Influmnme to indu ed by low frequency reticular stmlation

a mrelting response will not appear*&.

Doty (1958) confirmed that a cortical strip along the

marginal gyrus adjacent to but probably not within the striate

area yields by far the highest evoked potentials elicited by

optic stimuli. In comparison with the cortical strip to the

BEG responses to photic flicker stiaiulation illustrated in

Pig. 7-2 no essential contradic~tions were observed between

them.

Chang (1950) analysed the complex form of the primary

cortical response of cat to optic nerve stimulation and

demonstrated three independant constituent potentials repre.

senting the activity of three rystems of geniculo-cortical

pathways, each of which consists of spite potential and a

slow wave the average time-pa,;erns of EEG response to mono-

and/or binocular flickering s',imulation, double or tripple

responses to one flash were observed, each of which was

different in the arpli'.ude Pd form. As illustrated in

Pig. 7-2, 7-3, 7-5, 7-6, ' ., 7-13, 7-18,1 and etc. the re-,

sponse were observed alst. in the lateral geniculate body as

well as in the cerebrC .ortex to suggest the slow potential

activities of different. systems.
It is generally a:-cepted in evoked potential and unit

discharge recorded by icross and microelectrode technique

respectively that conti-a-7-ateral eye has a greater represen-

tation than the .Lpsilateral eye (Doty 1958; Burns, Heron 4;

Grafetein 1960, huerbach et al. 1961). Not only by these

electrophysiological eviderces, but by histological fact that

67 % of fibers in a unilateral optic nerve of cat are crossed

(Bishop, Burke et al. 1958), the greater representation of

contralateraJ eye verified. In the average time- and fre-

quency-patterns of EBG response illustrated in the paragraph

7, however, some results were coincided to this and others

were opposite to. In addition, quite a different pattern

was observed between the response elicited by ipsi- and
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oontralateral monocular stimulation. On the interactions'
of binocular visual afferents, there would be expected some

valuable evidences and arguments on the ERG activities (fre-

quency responses), which will be reported in the next PINAL

REPORT.
It would be noted that the frequency responses (Pig. 7-10)

induced by monocular flash stimulations in the bilateral pos-

terior sigmoid gyri and bilateral lateral gyri were augmented

and inhibited by synchronous combination of the flash and

electric shock to right main pad in the stimulating frequency

range of 3-7 and 7-11 c/sec respectively, whereas the augmen-

tative effect was not obvious in the contralateral nucleus

centrum medianum and ipsilateraL. lateral geniculate body,

though the inhibitory one was observed. There would be able

to infer, therefore, such mechanisms from these evidences

that inhibitory process induced by cutaneous stimulation in

the visual cortex will be followed by the same process as in

the thalamic level, which will be related closely to the

ascending inhibitory system in the pontine reticular formation

(Armengol, Lifschitz and Palestini 1951, Demeterescu and

Demeterescu 1962), while the augmentative process will be

caused predominantly by the convergence of retinal and cu-

taneous afferent inflows in the cortical neuron aggregates.

As the normal striate muscle fibers can never excite

without extrinsic nervous impulses delivered to their

endplates, their tonic activities recorded by the myotonogram

(MT) is capable of describing by the same theoretical and

experimental points of view of the electroencephalogram, as

already reported in THE FIRST QUATARWTY PROGRESS REPORT, Para-

graph 2. Though some experimental evidences of augmentative

and inhibitory midbrain reticular influences were observed

(Pig. 7-16A and B; 7-17), further results on the MT "activities"

will be reported in the next FINAL REPORT.
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